Introduction
Volumetric data in addition to pressure-temperature-composition relations are essentials for development of the theory of phase equilibrium. However, relatively few publications concerning P-V-T-X relations can be found in the literature. This maybe attributed to the difficulty of experimental work.
Outstanding work on these relations has been carried out by Sage and Lacey7^and by Kay4).
In this study, experimental determination of P-V-T-Xrelations was carried out for the CO2-N2 and the CO2-CH4 systems, whose components are practically nonpolar or slightly polar. The purpose of this investigation was to provide a comprehensive set of experimental data for the aforementioned systems, and these are presented here. A further object was to comparethe measureddata with a solution model made on the basis of statistical thermodynamics. This comparison has been made and will be published elsewhere.
The experimental method employed here was a visual glass capillary method which was almost the same as that used by Kay, though some improvements were made in introducing sample gas into the equilibrium cell. From the data obtained, compressibility factor charts are presented for the entire experimental range. The fugacities and partial molar volumes were also calculated. * Received on October 5, 1970 Presented at the llth Meeting on High Pressure, Sendai, October 1969
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Experimental Apparatus and Procedure
The procedure used here was based on the dew and bubble point method.
Briefly, the method consisted of introducing a known amount of gas mixture, whose composition was predetermined, into a glass capillary cell maintained at a constant temperature.
The content of the equilibrium cell was slowly compressed with mercury supplied from a pumpso that, as the pressure was raised, the system passed successively and isothermally through the states of unsaturated vapor, saturated vapor, mixed vapor and liquid, saturated liquid and finally singlephase liquid. This procedure was repeated with a series of different compositions and at different temperatures to determine the P-V-T-Xrelations of the systems, CO2-N2 and CO2-CH4.
A schematic diagram of the apparatus used is shown in Fig. 1 . The Pyrex equilibrium cell, shown in detail in Fig.2 , is 300mm long with an I.D. of2.6mm and an O.D. of 9mm. The equilibrium cell was carefully calibrated for volume throughout its length by being filled to various levels with mercury. The calibration for the total volumeof the cell was accurate to i 0.001 cc. The cell contained a small steel ball which could be raised or lowered by an external magnet. The volume of the ball was determined to be 0.007cc by measuring its average diameter.
Rapidly raising and lowering the ball provided good agitation in the cell.
To introduce a proper amount of gas mixture into the cell at low pressure, a glass burette was connected at the bottom of the cell as shown in Fig.2 . The volume of the burette was about 25 cc. The burette was covered with a cylinder madeof stainless steel and was prevented from bursting at above 50 atm by balancing the pressure between the inside and the outside of the burette.
The pressure of the outside could be arbitrarily changed by compressed air introduced from a bomb. The connection of glass to steel was made by a commercial adhesive, "Araldite". The equilibrium cell was placed in a constanttemperature bath which had glass windows (450 mm X150mm)fixedatfrontand back of the bath. The temperature of the bath was controlled at 15°C, 0°C
and -20°C, ±0.01°C for each run.
The pressure inside the equilibrium cell was measured by a dead-weight gage. The details and calibration method for the gage were described elsewhere. 5) Pressure balance between the equilibrium cell and the dead-weight gage was detected by 114 ( 2 ) JOURNAL OF CHEMICAL ENGINEERING OF JAPAN observing the positions of oil and mercury. The oilmercury interface in the connection of the oil pump and the mercury pumpwas detected electrically. Two probes were inserted between the surfaces of the oil and the mercury which were stored in a chamber madeof stainless steel. The chamber is shown in Fig. 1 , as number @. Hereafterelements of the apparatus will be denoted by the numbers shown in Fig. 1 . The distance between the probes was about 5 mmand they were insulated from the chamber by fixing them with an adhesive, "Araldite". By an alternative handling of the oil pump, @, and the mercury pump, ©, it is easy to control the oilmercury interface within this range throughout the experiment.
The position of the mercury in the equilibrium cell, which changed according to pressure, was measured by a cathetometer through the glass window.
The vapor pressure of the mercury was neglected because experimental temperatures were sufficiently low. After all corrections, the accuracy of pressure measurement was within i 0.01 atm.
Materials used The nitrogen used was stated to be 99.99% pure, and was furnished by the Nippon Sanso Industry Co., Ltd. The methane and carbon dioxide were provided by the Takachiho Chemical Industry Co., Ltd. and the Showa Tansan Industry Co., Ltd. and their purities were reported to be more than 99.64% and more than 99.9%, respectively. Preparation of mixtures A sample gas of known composition was prepared in the following manner (see Fig.1 ).
First, the whole of the apparatus was evacuated with a vacuum pump.
It was then ascertained by using a manometer, (2) , that there were no leaks anywhere. Each component of an aimed binary system was introduced slowly into the glass burettes, (7) and ®, individually. Each glass bulb of the burette was about 14cc. The calibration for the bulb was carried out with mercury and accuracy was within i 0.01 cc. The burettes respectively consisted of ten bulbs and their total volumes were about 140cc.
After charging one component, the gas remaining in the pipe line was withdrawn by a vacuum pump and the other component gas was introduced.
The U-shaped glass burette, (6), whose total volume was 36 cc, was prepared to measure the volume of small amounts of sample. The sample was mixed by displacing it from the burette, (7), to the burette, (8) , and then from (8) to (7) with mercury. So that it should mix better, the sample was allowed to stand for half a day after this agitation. A sample of about 40 cc at atmosphere was provided for the measurementin the unsaturated vapor region. For measuring the other regions, samples of about 100 cc were prepared.
Filling the equilibrium cell with sample The well-mixed sample was first displaced into the gas holder, ®, by holding mercury in the burettes, (7) and cell through the three-way valve, @. This was performed by using the mercury stored in the mercury holder, @. Mercury was pressed up to the neck of the gas holder by compressed air supplied from a bomb. The three-way valve was then closed and the outlet to the gas holder was shut. The sample was slowly charged with mercury supplied from a pump, @, through the three-way valve, the glass burette covered with a cylinder and finally into the equilibrium cell. The interface between the sample and the mercury was previously detected through the glass tube window, ®. The sample remaining in the stainless tube, valves and burettes was returned to the U-shaped glass burette by using a Toepler pump, (4).
This amount was subtracted from the initial total mole and the net mole of the sample charged into the equilibrium cell was finally determined. Determination of dew and bubble points The P-V-T-X relations were determined by compressing the content in the equilibrium cell under various pressures. The volume of the content was measured by observing the length from the top of the capillary to the meniscus of the mercury. The length was measured by meansof a cathetometer and the necessary correction for mercurymeniscus was madein the final determination of volume. Near the dew point, liquid film on the surface of the equilibrium cell was observed with the aid of a light through the glass window. The presence of liquid film was recognized by a dark spot occurring when the steel ball contacted the wall. Near the bubble point, a pressure change of about 38 mmHgmade a small bubble of gas disappear and reappear at the top of the equilibrium cell.
These observations have been reported by Cummings etal.1) and by Kay4). To prevent the arbitrariness of determination by the eye, graphical analyses of the data were also used to determine those points. The plots of molar volumesagainst pressures presented break points at dew and bubble points (for typical plots, see Fig. 3 ).
Experimental Results and Discussion
To test the validity of this method, the present data were compared with those of other workers3-6>8\
A comparison is made in Figs. 4 and 5 of the P-X and P-V relations at phase equilibrium of the CO2-N2 system determined by the static and circulation methods. They agree very well, as shown in Figs. 4 and 5. The data obtained here are summarized
in Tables 1 to 4 . The use of mercury prevented further measurements at lower temperatures. By using these data we constructed compressibility factor charts over the entire experimental range. binary systems studied here. That is to say, there is a straight-line relationship between pressure and average density of coexisting liquid and vapor. This is illustrated in Figs. 18 to 20. This relation held in all cases in this study except for a slight discrepancy near the critical point for the CO2-CH4 system at -20°C as shown in Fig. 20 . The point in Table5.
The values of critical pressure and temperature for the CO2-CH4 system agreed well with those of Donnelly and Katz2), though a slight discrepancy was shownfor the critical pressure at a 
